Cohaesibacter gelatinilyticus gen. nov., sp. nov., a marine bacterium that forms a distinct branch in the order Rhizobiales, and proposal of Cohaesibacteraceae fam. nov.
The class Alphaproteobacteria comprises the seven orders Caulobacterales, 'Parvularculales', Rhizobiales, Rhodobacterales, Rhodospirillales, Rickettsiales and Sphingomonadales (Garrity et al., 2005) . The order Rhizobiales is a phenotypically heterogeneous assemblage within the a-2 subgroup of the Proteobacteria (Woese et al., 1984) , and is divided into 10 families on the basis of 16S rRNA gene sequence analyses (Kuykendall, 2005a) : Rhizobiaceae, Bartonellaceae, Brucellaceae, Phyllobacteriaceae, Methylocystaceae, Beijerinckiaceae, Bradyrhizobiaceae, Hyphomicrobiaceae, Methylobacteriaceae and Rhodobiaceae. In addition to these families, a new family was described as 'Aurantimonadaceae' and contains the genera Aurantimonas and Fulvimarina within the order Rhizobiales (Garrity et al., 2004) . Recently, phylogenetic analysis of 16S rRNA gene sequences excluding six variable regions for 261 species in the class Alphaproteobacteria revealed another family, 'Xanthobacteraceae', within the order Rhizobiales . In this paper, two strains representing a novel family-level lineage within the order Rhizobiales were isolated and characterized by polyphasic approaches (Vandamme et al., 1996) .
A coastal water sample was incubated with sand sediment in a 150 mm diameter glass Petri dish at room temperature for about 5 months. Without disturbing the sediment, 100 ml superficial seawater was taken and spread on a plate containing R2A agar (Difco) supplemented with 3 % (w/v) NaCl, and the plate was incubated at 25 u C for 5 days. Strains CL-GR15 T and CL-GR35 were isolated from the same plate and subsequently purified on R2A agar supplemented with 3 % (w/v) NaCl at 25 u C four times. The strains were able to grow well on marine agar 2216 (MA; Difco) as well as R2A agar supplemented with 3 % Signature nucleotides present within 16S rRNA genes were searched for using the sequences aligned for the phylogenetic analysis. Only those positions were selected for signatures for which the majority of families each exhibited a single nucleotide. Every signature nucleotide found was then positioned on the secondary structure of the 16S rRNA molecule of Escherichia coli (Ivanova et al., 2004) .
Morphological and physiological tests were performed as follows. Gram-staining was performed as described by Smibert & Krieg (1994) . Cellular morphology and the presence of flagellum were observed using transmission electron microscopy (EX2; JEOL). Motility was determined by the hanging drop method (Smibert & Krieg, 1994) . Anaerobic growth was checked on MA using the GasPak anaerobic system (BBL). Bacteriochlorophyll a production was determined in acetone extracts from cells cultured in the light and the dark, and examined with an Ultraspec 2000 spectrophotometer (Pharmacia Biotech). Poly-bhydroxybutyrate granules were observed by epifluorescence microscopy (BX60; Olympus) after Nile blue A staining (Ostle & Holt, 1982) . Growth was tested on trypticase soy agar (TSA; BBL), fivefold-diluted TSA, Czapek-Dox agar (Weyland, 1969) , MacConkey agar (Difco) and blood agar (Difco) or the above media supplemented with either 3 % (w/v) NaCl or 3 % (w/v) sea salts (Sigma). The temperature range for growth was tested on the basis of colony formation on MA plates incubated at 5, 10, 15, 20, 25, 30, 31, 33, 35 and 40 u C. The pH range (pH 4-10 at intervals of 1 pH unit) for growth was determined both on the basis of colony formation on MA plates and assessing changes in OD 600 in pH-buffered marine broth medium (Difco) (Manaia et al., 2003) . To test salt tolerance, R2A agar (Difco) containing various concentrations of NaCl [0, 0.5, 1, 2, 3, 5, 7, 10, 15, 20, 25 and 30 % (w/v)] were used. Catalase and oxidase activities and degradation of casein, cellulose, xanthine and hypoxanthine were determined according to the protocols described by Smibert & Krieg (1994) . In addition, nitrate reduction, the production of indole, arginine dihydrolase, urease, gelatinase and the hydrolysis of aesculin were tested using the API 20NE kit (bioMérieux) according to the manufacturer's instructions, except that the cell suspension was supplemented with NaCl (3 %, w/v). Other enzyme activities and acid productions were assayed using the API ZYM and the API 50CH kits (bioMérieux), respectively, with 3 % NaCl solution as the suspension medium. Carbon utilization was tested using basal medium supplemented with 0.01 % (w/v) yeast extract (Tris/HCl, 50 mM, pH 7.5; NH 4 Cl, 19 mM; K 2 HPO 4 .3H 2 O, 0.33 mM and FeSO 4 .7H 2 O, 0.1 mM in artificial seawater; Baumann & Baumann, 1981) containing 0.1 % carbon source based on changes in OD 600 over 4 weeks. Sensitivities to antibiotics were carried out using disc-diffusion methodology (Bauer et al., 1966) . All phenotypic assays (except analysis of the temperature range) were carried out at 25-30 u C, which was the range of optimal growth temperature for strains CL-GR15 T and CL-GR35.
Polar lipids were extracted using the procedures described by Minnikin et al. (1984) and identified by twodimensional TLC followed by spraying with appropriate detection reagents (Komagata & Suzuki, 1987) . The fatty acid methyl esters in whole cells, which were grown on MA at 30 u C for 4 days, were analysed by gas chromatography according to the instruction of the Microbial Identification System (MIDI) at the Korean Culture Center of Microorganisms (KCCM) in Seoul, Korea. The quinone system was determined according to Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . The DNA G+C content was analysed by HPLC (HP 100; Hewlett Packard) analysis of deoxyribonucleosides as described by Mesbah et al. (1989) , after DNA extraction by the method of Marmur (1961) . Lambda DNA was used as a standard. The relatedness of genomic DNA between strains CL-GR15 T and CL-GR35 was determined by dotblot hybridization as described by Choi et al. (2006) .
Direct sequencing of the 16S rRNA gene revealed that sequences of strains CL-GR15 T and CL-GR35 were identical, and showed 96.2-96.4 % sequence similarity to clones obtained from black band-diseased corals located at water depths of 24 and 27 m (Sekar et al., 2006; Fig. 1) . Sequence comparisons to representative bacteria with validly published names indicated that strains CL-GR15 T and CL-GR35 belonged to the order Rhizobiales in the Alphaproteobacteria (Fig. 1 ; see a global tree available as Supplementary Fig. S1 in IJSEM Online). The strains were most closely related to the genera Ochrobactrum and Brucella in the family Brucellaceae (90.9-92.5 % similarity), the genus Sinorhizobium in the family Rhizobiaceae (90.9-91.5 %), the genus Bartonella in the family Bartonellaceae (90.6-91.9 %), the genus Rhodobium in the family Rhodobiaceae (89.3-91.2 %) and the genus Phyllobacterium in the family Phyllobacteriaceae (89.3-91.2 %). In all phylogenetic trees, strains CL-GR15 T and CL-GR35, together with the recently observed clone sequences from black band-diseased corals (Sekar et al., 2006) , form a distinct monophyletic clade with 100 % bootstrap within the order Rhizobiales ( Fig. 1, Supplementary Fig. S1 ). Further, this lineage could not be associated with any of the 12 known families and two unclassified genera in the order Rhizobiales. In addition, ten 16S rRNA gene signature nucleotides for the families of the order Rhizobiales were detected (Table 1) . Strains CL-GR15 T and CL-GR35 contained three signature nucleotides that are types of compensatory transversion mutations (positions 678-712; Table 1 ) and a single transversion mutation (position 194; Table 1 ). Therefore, strains CL-GR15 T and CL-GR35 could be recognized as representing a distinct genus belonging to a new family within the order Rhizobiales.
Strains CL-GR15 T and CL-GR35 gave identical results for morphological, physiological and biochemical characteristics, and the results are given in the genus and species descriptions, Fig. 2, Supplementary Fig. S2 and Table 2 . The DNA G+C content was 52.8-53.0 mol%. DNA-DNA hybridization experiments revealed high values (.97 %) for relatedness between strains CL-GR15 T and CL-GR35. DNA-DNA hybridization, phenotypic and chemotaxonomic characteristics revealed that they belonged to the same species.
In addition to phylogenetic differentiation of strains CL-GR15 T and CL-GR35 from the other families of the order Rhizobiales, combinations of phenotypic and chemotaxonomic characteristics can differentiate the strains from members of other families ( Table 2) . The difference of G+C contents between these strains and other species belonging to the families Bartonellaceae, Rhodobiaceae, 'Xanthobacteraceae'
and Methylobacteriaceae was .10 mol% (Table 2) , showing a distinct genetic difference. The major quinone for strains CL-GR15 T and CL-GR35 Nitrate reduction 2
Major quinone*
Q-10 Q-10 Q-10 Q-10, Q-9 Q-10, MK-10 Q-10, Q-11 Q-10 Q-10 Q-10, MK-10, RQ-10 Q-10 Q-10 Q-10, Q-8 Q-10, Q-9, MK-9, RQ-10 was ubiquinone-10 (Q-10), which is typically observed in the Alphaproteobacteria as the major quinone (Collins & Jones, 1981; Kämpfer et al., 2003) . However, the sole major respiratory quinone (Q-10) can differentiate strains CL-GR15 T and CL-GR35 from the families 'Aurantimonadaceae', Phyllobacteriaceae, Rhodobiaceae, Bradyrhizobiaceae, Methylocystaceae and Hyphomicrobiaceae (Table 2) . Polar lipid compositions conservatively differentiate the strains from the other 11 families in the order Rhizobiales, except the families Brucellaceae and Phyllobacteriaceae (Table 2 ). In particular, strains CL-GR15 T and CL-GR35 can be differentiated from species in the family Brucellaceae, which is the most closely related family to the two strains, by the presence of gelatinase and the inability to grow on blood agar. An unidentified aminolipid (AL1) in the profile of strain CL-GR15 T (Supplementary Fig. S3 ) apparently exhibited the same position as that of AL1, AL and AL1 in the polar lipid profiles of Ochrobactrum gallinifaecis, Ochrobactrum pseudintermedium and Pseudochrobactrum asaccharolyticum, respectively, belonging to the family Brucellaceae (Kämpfer et al., 2003 (Kämpfer et al., , 2006 Teyssier et al., 2007) . However, the presence of a significant amount of an unidentified glycolipid could clearly distinguish strain CL-GR15 T from the above species in the family Brucellaceae.
Overall, strains CL-GR15 T and CL-GR35 cannot be assigned to any previously recognized bacterial family or genus and thus can be described as a novel species within a new genus, (20) and streptomycin (6). The fatty acids are C 18 : 1 v7c (54.3-55.1 %) and C 15 : 0 iso 2-OH and/or C 16 : 1 v7c (summed feature 3; 19.2-20.4 %), C 20 : 1 v7c (9.6-11.1 %), C 18 : 0 (3.1-3.3 %), C 14 : 0 3-OH and/or C 16 : 1 iso I (3.0 %), C 18 : 0 3-OH (1.9-2.0 %), C 17 : 1 v8c (1.1-1.5 %) and C 16 : 0 (1.1 %). Other minor fatty acids (,1 %) are C 9 : 0 , C 14 : 0 , C 17 : 0 , C 19 : 0 , C 20 : 0 , C 14 : 1 v5c, C 19 : 0 cyclo v8c, C 16 : 0 3-OH, C 17 : 0 iso 3-OH and C 19 : 0 10-methyl. In addition to the polar lipids listed in the genus description, minor amounts of an unidentified aminolipid (AL2) and unidentified lipids (L1-4) can be detected.
The type strain, CL-GR15 T (5KCCM 42319 T 5DSM 18289 T ), was isolated from coastal water of the east coast of Korea.
